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   Photochemical reactions of organic molecules proceed selectively when the reactive sites are located in 
close proximity. A photochemical reaction that is performed either in the solid or in water can be considered 
as a green chemical reaction because it eliminates the need for organic solvents. [2+2]-cycloaddition is a type 
of photochemical reaction, which results in the formation of cyclobutane rings from olefins. In the 1970s, the 
[2+2]-cycloaddition reaction of trans-cinnamic acid was reported to take place in the crystals when the 
distance between the reactive sites was within 3.5-4.2Å. Since the concept was proposed, photochemical 
reactions in the crystals have been attempted for various molecules. Thymine, one of the components of 
DNA, displays a unique photoreactivity to produce dimer reversibly, via [2+2]-cycloaddition reaction and 
cleavage reaction upon long and short wavelength of ultraviolet light, respectively. The author’s 
collaborative working group has previously investigated the reversible photochemical reactions of thymine 
derivatives in their crystalline and self-assembled state to yield novel photoproducts such as a polymer. Such 
reversible molecules produced according to green chemistry principles can be applied to various fields as 
environmental friendly molecules. 
   With this conceptual background, the author investigated and developed the photochemical reactions of 
thymine derivatives that occur in crystals, and in self-assemblies, which are formed by intermolecular 
interaction. This thesis is divided into five chapters. The outline of each chapter is described as below. 
   In the first chapter, the concept of a photochemical reaction in a confined space is summarized briefly. A 
confined space is defined as a small space constructed by crystallization or self-assembly of organic 
molecules. The relationship between a confined space and photochemical reaction, especially the reaction 
taking place in the crystalline solid state, was clearly categorized. The significance of the study of reversible 
photochemical reaction of thymine derivatives is concisely described by comprehensively reviewing 
previous works reported by the author’s collaborative working group on the subject of photochemical 
reaction of thymine derivatives in confined space. 
   In chapters 2 and 3, the photochemical reactions of thymine derivatives in the crystals have been 
described with a clear focus on the crystal structures. The significance of a flexible alkyl chain in 
propagating the photopolymerization in the crystal has been discussed by comparing the crystal structures of 
the monomer and polymer in chapter 2. In chapter 3, several multisubstituted thymine derivatives have been 
described that produce polymers or tetramers by UV irradiation, and the reasons for photoreactivity have 
been discussed by analyzing the crystal structures. 
   In chapter 4, the photochemical reactions of bolaamphiphilic bis-thymine derivatives in water have been 
reported with a focus on the intermolecular - interactions and hydrogen bonds to promote self-assembly. It 
is discussed that the photochemical reactions proceed in sheet-like self-assembly because the morphology of 
the self-assembly was retained during photoirradiation. 
   In the chapter 5, the entire study has been summarized, and the future prospects of photochemical 
reactions for producing photoreversible molecules in confined space have been discussed.
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The following questions (Q) and answers (A) were extracted in part from all the discussions that took 
place in the public hearing held on January 21, 2017. 
Q1. In chapter 3, how was the bis-thymine derivative (2To) produced at a high yield (~90%)? It should be 
possible to yield a higher molecular-weight product than the target product. 
A1. From a mass spectrometric measurement of the crude product of 2To, no higher molecular weight 
product was observed, which means that the target product was successfully obtained without additional 
reactions.   
Q2. What are some ways to characterize the structure of self-assemblies other than TEM? The size of 
self-assembly seems to be large. 
A2. If the morphology of self-assembly was a sphere or a vesicle, the size can be determined by dynamic 
light scattering measurement. However in this case, other methods were required because the observed 
morphology by TEM was a sheet-like structure. 
Q3. What do you think about the kinetics of photopolymerization in the crystals from GPC measurement 
results given in the chapter 2? 
A3. The dimeric and oligomeric photoproducts were both formed in the initial stages of photoirradiation with 
UV light because a sharp peak appeared next to the monomer peak in the GPC chromatogram. After 
producing dimer, higher molecular weight product was formed by subsequent irradiation. The dimeric or 
oligomeric products were combined by photoreaction to yield higher molecular weight molecules. 
Q4. What is the reason for a broad molecular weight dispersion of photoproduct polymer in chapter 2? 
A4. Molecular weight of the photoproduct polymer could be dependent on the crystal size after crack 
formation. As shown in the optical micrograph of the crystal after photoirradiation, the crystal sizes were not 
uniform, which would result broad molecular weight dispersion. 
Q5. Were the results of GPC chromatography consistent with the NMR spectra after UV irradiation for 
self-assembly studied in chapter 4? 
A5. The results were not consistent since the slight shift of GPC peak after UV irradiation suggested that 
dimeric or oligomeric photoproduct had formed, whereas the NMR results appeared to show polymers. This 
inconsistency could be due to the difference in the solubility of the organic solvent used for both 
measurements: DMF and chloroform for GPC and NMR, respectively.  
 
From the presentation and subsequent question and answer session in the public hearing, the referees 
judge that the candidate understands the aim and the significance of the study, and meets the required 
scholarly standards of the academic discipline. This study discusses the photochemical reactions taking place 
in crystals and self-assembly, which are defined as a confined space, focusing mainly on thymine derivatives. 
This study should be useful for future works involving ‘green’ chemical organic syntheses of 
photoresponsive molecules. The doctoral thesis is therefore approved in fulfillment of the requirements for 
the Doctor of Science degree. 
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